ABSTRACT: Without effective actions to improve environmental management, water resources tend to become scarce. Thus, this study aimed to understand the processes influencing the physical, chemical, and biological properties of the water due to land uses and occupation in the Ipê stream basin, in Ilha Solteira -SP (Brazil), regarding the dependence of the analyzed variables. Monitoring of chemical, physical, and biological water quality was performed from 2006 to 2011, and the records of land use and occupation in 2011. A factorial multivariate analysis allowed us to understand that the processes in densely populated areas increased degradation of water by the input of organic loads, yet those of farming areas enhanced the degradation of the chemical and physical quality of spring waters. Therefore, installing irrigation systems near populated areas, for crops consumed in natura, may compromise this agricultural activity, as well as the absence of water filtration systems downstream agricultural areas. Furthermore, we concluded that multivariate statistics is a powerful tool to detect these influencing processes in water quality. In this study, this type of analysis played an important role isolating the processes acting on water quality.
INTRODUCTION
Population growth and its consequent demands for food production will contribute towards a significant increase in irrigated areas. When considering the current Environmental Code, which restricts the opening of new exploitable areas, it becomes more efficient and legally correct to adapt the existing farming areas. As a result, water resources may become scarce if no effective action is taken to improve the environmental management.
Water resources monitoring and land use and occupation spatialization are tools to help identify further environmental impacts, as well as evaluating possible influences of the surroundings on the aquatic medium, thus aiming to propose priorities and guiding future decisions (SANTOS & HERNANDEZ, 2013; BERTOSSI et al., 2013a) .
Investigating the irrigation water quality enables us to infer the basin conditions as a whole (BERTOSSI et al., 2013b; ZAMBERLAN et al., 2013) . Besides that, understanding how land use and occupation is being performed allows us to raise detailed data on the interferences from several activities occurring in the basin (TERNUS et al., 2011) . Nevertheless, it is relevant to know the spatial and seasonal variables, so that actions to improve environmental quality could be proposed and then promoted.
One or another land use type is unable to explain singly the increasing concentrations of one or more elements in the water. Therefore, since a large number of variables are required to characterize water quality and the factors influencing it, multivariate exploratory statistics becomes a powerful tool to explore and interpret the results successfully (ANDRADE et al., 2011; GUEDES et al., 2012; BERTOSSI et al., 2013b) . Gilmar O. Santos, Fernando B. T. Hernandez, Antonio S. Ferraudo, et al. Eng. Agríc., Jaboticabal, v.37, n.3, p.453-462, maio/jun. 2017 454 The application of multivariate statistics may narrow a number of original variables into a small set (factors) with minimal information loss, besides clustering the variables into classes so that similar variables are within the same class. It also enables the identification of possible factors or sources responsible for changes in spring water quality (ZAMBERLAN et al., 2013) .
Among the multivariate approaches, the principal component analysis (PCA) allows us to select parameters which can explain much of the variation in each component. In addition, it helps define specific water physical, chemical, and biological properties to be monitored, reducing costs such as with data projection by biplot, thus being an aid tool in water resources management (BERTOSSI et al., 2013b; ZAMBERLAN et al., 2013) .
Aiming to respect the dependence structure of water quality parameters that influence land use and occupation, several other authors opted for multivariate techniques, in the special factorial analysis, in order to explain the causes of water degradation. Additionally, such studies have shown that besides cost reduction, planning priorities could be established for the land use and occupation, and the best results from a PCA analysis were reached when the original variables were highly correlated, either positively or negatively.
For this reason, this study aimed to evaluate the influence of land use on the water quality of Ipê stream basin, in Ilha Solteira, São Paulo state (Brazil), using multivariate statistics and considering the dependence between the analyzed variables.
MATERIAL AND METHODS

Study area
The study took place in the micro-basin of the Ipê stream, in the city of Ilha Solteira, in the northwest region of the State of São Paulo, Brazil. The area is located between the latitudes of 20º24'44.8'' S and 20º30'16.4'' S, and the longitudes of 51º17'06.5'' W and 51º22'16.2'' W. This micro-basin comprises an area of 50.44 km 2 (7.7% of the city's area), being part of the Water Resources Management Unit of São José dos Dourados River (UGRHI-18).
The micro-basin was divided into four strategic points (Figure 1 ; and Table 1) for characterization of the influence of the different land uses and occupation, as well as the contribution of the Córrego Das Lagoas stream, which is part of the study area. According to the Köppen's climatic classification, the city of Ilha Solteira presents a humid subtropical climate (Aw), with dry and mild winters and hot and rainy summers (ROLIM et al., 2007) . The annual mean temperature is 25.1 °C, and rainfall is 1,306 mm year -1 (ÁREA DE HIDRÁULICA E IRRIGAÇÃO UNESP ILHA SOLTEIRA).
Land use and occupation and water quality
The influence of land use and occupation on the study characteristics was determined using data provided by SANTOS & HERNANDEZ (2013) . We performed physical, chemical, and biological analyses, being: temperature (T), total , dissolved and suspended solids (TS, DS and SS), turbidity (TU), pH, calcium (CA), magnesium (MG), total iron (Fe), electrical conductivity (EC), nitrite (NI), nitrate (NA), sulphate (SU), and fecal and total coliforms (FC and TC). The analytical methodology and parameters of irrigation water compliance followed the ones already proposed by SANTOS & HERNANDEZ (2013).
Overall, sugarcane cropping covers most of the basin area (2,426 ha), followed by pastures (1,022 ha), and high-density household (407 ha) ( Figure 2 and Table 2 ). Sub-basin 2 in addition to presenting a large sugarcane cropping area (128.3 ha), there is a significant low-density household one (108.7 ha). Sub-basin 3 showed the highest land use and occupation diversity but mostly covered by sugarcane fields (1,146.7 ha), followed by rural settlement areas (386.5 ha) and highdensity household (375.4 ha). Broadly, the Ipê stream micro-basin showed little variation regarding physical and chemical water quality from one point to another, except for turbidity and total iron in the sub-basin 2 (Table  3) . The presence of dams may have favored the decantation of some physical and biological elements. Regarding the biological parameters, there was a similarity among the sub-basins, finding values exceeding the limits for irrigation use. 
Data analysis
Once there was no prior information on the formation of groups, hierarchical clustering (AA) identified the groups contained in the set of accesses. AA is a technique that maximizes the similarity of intra-group units at the same time that increases the distance between groups. It was processed with the Euclidean distance between accesses; and as a method for connection, the Ward method was used. The result is presented in a dendrogram graph that shows the group structure contained in the accesses.
The original dataset was resized to a set of new latent variables through principal component analysis (PCA). The main components are the eigenvectors, being built by the covariance matrix eigenvalues of the original variables. Each main component is a linear combination of two original variables. A two-dimensional plane formed by orthogonal main components with the distribution of accesses and the directions of the variable beams is called biplot and is a quite important tool in data analysis.
Factor analysis is an exploratory multivariate technique seeking to identify processes within a dataset. The factors were extracted by main components; and for a better interpretation of the results, they were rotated using a varimax orthogonal rotation criterion.
Variables with loads greater or equal to 0.7 (absolute value) were selected. The multivariate statistical analyses were processed using the STATISTICA software, version 7.0 (STATSOFT, 2004) after original variables standardization (null mean and unit variance).
RESULTS AND DISCUSSION
The sub-basins 1 and 4 had a similar distribution of points; however, different for the subbasins 2 and 3 (Figure 3 ). Therefore, we may infer that sub-basins 1 and 4 presented similar water quality according to the land use and occupation, where there was a prevalence of sugarcane areas, comprising 84.3% and 48.1% of the total area, respectively. Such similarity may occur due to the contribution of the Das Lagoas stream by reducing the concentration of chemical and physical elements in the water. However, in sub-basins 3 and 4, there is a high concentration of organic loads, being more intense during the dry season, corroborating those results of BERTOSSI et al. (2013a) . The remaining sub-basins showed different patterns of water quality, varying with the type of land use and occupation. Sub-basin 2 presented a low concentration of the analyzed elements, mainly physical ones, which might be a result of flow speed reduction, however, with high potential of sedimentation. The dendrogram showed to be an appropriate tool to define similarity between the studied areas. Results presented in this study corroborate those of ANDRADE et al. (2011) who investigated clustering techniques to identifying similarity in salt concentrations of irrigated fields.
As shown in Table 4 , rotation factor analysis pointed out three distinct processes, being characterized as organic loads (VF1), mineral salts (VF2), and physical elements in water (VF3). The first factor (VF1) was characterized by showing temperatures inversely proportional to water organic loads and total iron. This occurs because of the irregular disposal of wastewater into water bodies with lower temperatures, e.g. sub-basin 3, increasing organic loads, and reducing temperatures. GUEDES et al. (2012) obtained similar results. Other authors also attributed such spring water degradation, nearby cities, to clandestine effluent discharges, damaging water multiple uses (VANZELA et al., 2010; POLETO et al., 2010; BERTOSSI et al., 2013a; SANTOS & HERNANDEZ, 2013) . Biological contamination of spring water undermines the chances of using it for irrigation purposes, mainly for in natura consumption crops. TERNUS et al. (2011) evaluated limnologic features of rivers crossing farming and urban areas, within the Upper Uruguay River basin, western Santa Catarina state (Brazil). As a result, they reported a high level of organic loads in the rivers passing through the urban areas; it was attributed to the disposal of untreated domestic and industrial sewage. In addition, the authors noted a reduction of riparian forests, which might have influenced the degradation of water bodies after the entering of pollutants.
The total iron content in water bodies arises from the type of soil comprising the studied area, for example, Red Latosol (rich in iron sesquioxides), eutrophic Red Argisol + Argisol, RedYellow Latosol and Quartzarenic Neosol. The presence of these soils associated with a natural degradation and poor soil conservation increases the levels of iron in the water. Therefore, irrigation systems in the studied basin may present problems related to obstruction of tubing and emitters, so it is required the use of filtration systems.
The second factor (VF2) was characterized by the presence of mineral salts and dissolved solids in the water. The later acts as a vehicle for the first to reach springs carried rainfall. Higher concentrations of salts and dissolved solids were recorded at points under influence of agricultural areas and low-density human settlements. Furthermore, soil intensive use with no soil management favors an increased carriage of particles containing mineral salts from farming areas.
These results agree with the report of VANZELA et al. (2010), who evaluated the Três Barras stream in Marinópolis city -SP (Brazil). They claimed an increase in the concentration of solids in water originated from agricultural and inhabited areas. Moreover, ZAMBERLAN et al. (2013) concluded that total iron and solids are the most impacting elements in spring waters to irrigation systems.
The third factor (VF3) was featured by physical elements in water (suspended solids and turbidity), acting inversely to pH and dissolved oxygen. The increase in sediments in water has reduced the amount of oxygen dissolved by displacement of organic and inorganic particles, which is detrimental to the aquatic life.
Notably, large amounts of sediment in water are most frequently found near agricultural lands, which are poor in soil conservation. These areas are marked by the presence of idle areas or in conflict, e.g. areas intended for permanent preservation being used in livestock management. Such conflicts have a direct influence on the organic and inorganic degradation of springs. For POLETO et al. (2010) and HERNANDES (2013) , the establishment of small areas for permanent preservation, smaller than 37% of the total area, is one of the main causes of environmental degradation.
By means of biplot graphics, we could note that sub-basins 1 and 2 had the best water quality for irrigation purposes, in the light of local characteristics, wherein sub-basin 1 represents the headwaters of the Ipê stream, and, sub-basin 2, a damming area in the mouth of the stream ( Figure  4) . However, sub-basin 2 deserves special attention since it showed an upstream sedimentation. Flooded areas usually receive a large load of sediments from upstream; these sediments are deposited and subsequently, water is released downstream from the dam with a lower sediment load. Hence, dammed water may serve as an efficient laboratory for characterization of the effects from poor soil use systems and from the surrounding areas of the environment, that is, all the impacts leading to degradation of the water resources. Sub-basins 3 and 4 were highlighted by pollution from degraded areas, high-density households, and farming areas (Figure 4 ). Farming and housing areas are the main soil uses that Gilmar O. Santos, Fernando B. T. Hernandez, Antonio S. Ferraudo, et al. Eng. Agríc., Jaboticabal, v.37, n.3, p.453-462, maio/jun. 2017 460 influence spring water quality, which due to a conservationist management, become major sediment sources of organic and inorganic origin. Degradation of spring water quality may accentuate if these areas are increased. Likewise, GUEDES et al. (2012) claimed that physical and chemical degradation of water is a reflection of surface runoff from agricultural areas, domestic sewage, and solid waste disposed along the banks of the springs and streams.
These results corroborate those of BERTOSSI et al. (2013a) who assessed the quality of surface and subsurface waters in micro-basins with different soil coverage (pasture, forest, and coffee plantations). POLETO et al. (2010) assessed the same area studied here and found evidence of lack of awareness and environmental perception by riparian people. These local communities neglected the need to preserve springs, what is alarming since irrigated farming is their main source of income. Thus, characterizing and monitoring a river basin becomes essential for understanding the dynamics thereof, thus being able to set guidelines for watercourse management.
If there is no management of the water resources, an increase of urban areas, as already assumed by the Municipal Land-use Planning, will lead to water quality degradation in the Ipê stream. It might be a consequence of an excess of organic loads and iron in the water, reducing its availability for irrigation purposes. In the same way, an increase in farming and scarcely populated areas, without proper management, may lead to a degradation of water physical quality, blocking pipes and sprinklers and, consequently, impairing irrigation quality and uniformity and ergo, the local economy.
CONCLUSIONS
Through multivariate techniques, three important factors on land use and occupation and water quality were identified in the studied basin. The first was the inverse action of temperature to the organic loads and total iron in the water. The second was related to mineral salts in water and dissolved solids. In addition, finally, the third emphasized the physical elements in the water acting inversely to pH and dissolved oxygen.
The housing areas enhanced degradation of the water by the inputting of organic loads, yet the agricultural areas were responsible for the degradation of the physical and chemical quality of the spring waters.
Installing irrigation systems, for crops consumed in natura, downstream high-density households may compromise the efficiency of this activity, just as the absence of filtering systems downstream farming areas.
